In this paper, we describe sequences of fibrinogen-related proteins (FREPs) in the Mediterranean mussel Mytilus galloprovincialis (MuFREPs) with the fibrinogen domain probably involved in the antigen recognition, but without the additional collagen-like domain of ficolins, molecules responsible for complement activation by the lectin pathway. Although they do not seem to be true or primive ficolins since the phylogenetic analysis are not conclusive enough, their expression is increased after bacterial infection or PAMPs treatment and they present opsonic activities similar to mammalian ficolins. The most remarkable aspect of these sequences was the existence of a very diverse set of FREP sequences among and within individuals (different mussels do not share any identical sequence) which parallels the extraordinary complexity of the immune system, suggesting the existence of a primitive system with a potential capacity to recognize and eliminate different kind of pathogens. 4
Introduction
Although in recent years there have been important advances in invertebrate innate immunity, there is not a comprehensive view of the immune mechanisms utilized Interestingly, clams and oysters cultured nearby have experienced mass mortalities associated with pathogens that have been also found in mussels. Accordingly, we have recently shown the high individual sequence variability for myticin C, a novel class of antimicrobial peptide (Pallavicini et al., 2008) , suggesting that this wide repertoire of sequences could be related to the high degree of disease resistance observed (Costa et al., 2009) . Another relevant aspect of bivalve molluscs is their important filtering activity: one adult mussel can filter roughly 8 liters of water in one hour (Meyhöfer, 1985; Norman, 1988; Hugh et al., 1992) , which implies that they are in intimate contact with microorganisms.
The present work constitutes another astonishing example of highly diverse immune molecules in these animals and provides the first evidence of their possible involvement in immune defense.
Materials and Methods

Animals
Mediterranean mussels (Mytilus galloprovincialis) with a maximum shell length of 6 cm were obtained from a commercial shellfish farm from the Ría de Vigo (NW of Spain) during the summer season. Animals were maintained in open circuit filtered seawater tanks at 15 ºC with aeration. They were fed daily with Isochrysis galbana, Tetraselmis suecica and Skeletonema costatum. Bivalves were acclimatized for 1 week before the experimental work. All animal experiments were reviewed and approved by the CSIC National Committee on Bioethics.
Phylogenetic analysis
Fourteen mussel sequences putatively homologous to FREPs (GeneBank accession numbers from HQ236392 to HQ236405) were selected from two cDNA libraries previously constructed (Venier et al., 2009) . Additional 62 ficolin and FREPs sequences from different animals were downloaded from GenBank. Protein sequences were aligned with MAFFT (Katoh et al., 2005) using the E-INS-i algorithm for multiple conserved domains and long gaps. Ambiguous columns in the alignment were filtered out with Gblocks (Castresana, 2000) , with a minimum of 40 sequences for conserved/flanking positions, a maximum of 4 contiguous non-conserved positions, a minimum length of 4 amino acids in every block, and allowing gap positions. The bestfit model of amino acid replacement was selected according to the Akaike Information Criterion (AIC) (Akaike, 1974) using ProtTest (Abascal et al., 2005) and Phyml 3.0 (Guindon et al., 2010) . This model was used to estimate a maximum likelihood (ML)
Constitutive expression of FREPs
The expression of the three representative groups of FREPs was analyzed by quantitative PCR in different tissues. Mussel hemocytes, muscle, mantle, gills, gonads, foot and gland were extracted and preserved in Trizol Reagent (Invitrogen) until use.
Total RNA was extracted using Trizol Reagent (Invitrogen) following the manufacturer's instructions. RNA (5 g per sample) was treated with DNase I (Ambion) to remove contaminating DNA, and first-strand cDNA was synthesized with SuperScript™ II Reverse Transcriptase (Invitrogen). Quantitative PCR was performed using the following set of primers (Group 1; G1F: CCT GAC AAA TGC AAC AGT GG, G1R: TGG CCG TTG TGA TGT TCT AA. Group 2; G2F: GTG ATG CAT TCA GCG GAC TA and G2R: CCC CAA TTG ATA CCA GAT GC. Group 3; G3F: CAA CGT TGG TGA CTC ATT GG and G3R: CCG CCA AGA TAC TGT CCA TT). A total of 0.5 µl of each primer (10 µM) was mixed with 10.5 µl of SYBR green PCR master mix (Applied Biosystems) in a final volume of 21 µl. The standard cycling conditions were 95 ºC for 10 min, followed by 40 cycles of 95 ºC for 15 s and 60 ºC for 1 min. The comparative CT method (2-∆∆CT method) was used to determine the expression level of analyzed genes (Livak and Schmittgen, 2001 ). The expression of candidate genes was normalized using the β-actin as housekeeping gene (ActinF: AAC CGC CGC TTC TTC ATC TTC and ActinR: CCG TCT TGT CTG GTG GTA). Fold units were calculated by dividing the normalized expression values of infected tissue by the normalized expression values of the controls. Data were analyzed using Student's ttest. The results were expressed as the mean ± standard deviation and differences were considered statistically significant at p<0.05.
Genomic organization
Genomic DNA from adult mussels was extracted from hemolymph with DNAzol (Invitrogen) following the manufacturer's instructions. The genomic sequence of FREP from group 1 (GeneBank accession number HQ236391) was then analyzed by PCR after consecutive amplification with specific primers designed using Primer3
( Table I ). The PCR reaction was performed with a high fidelity Taq polymerase (TaKaRa ExTaq ™ Hot Start Version; TaKaRa Bio Inc., Otsu, Siga, Japan), and the cycling protocol was 94 ºC for 5 min, 40 cycles of 94 ºC for 30 s, 50 ºC for 1 min and 72 ºC for 1 min followed by a final extension of 72 ºC for 7 min. The predicted intronexon structure of the genomic sequence was obtained using Wise2 software.
Individual variability
Total RNA from three mussels was individually extracted, and the individual variability of the cDNA sequences of FREPs from group 1 was then analyzed by PCR using the specific primers previously described (G1F and G1R). The PCR reaction was done with a high fidelity Taq polymerase (TaKaRa ExTaq ™ Hot Start Version; TaKaRa
Enrichment of FREPs in plasma fractions and functional activity
Hemolymph from 50 mussels was collected and centrifuged. FREPs were isolated from serum by affinity chromatography on a GlcNac-Sepharose 6B column at 4 ºC. Briefly, the column was washed with 7 M guanidine hydrochloride and three times with buffered solution (50 mM Tris-HCl, 1 M NaCl, 50 mM CaCl 2 ). The GlcNacSepharose was dispensed in sample tubes, which were kept overnight at 4 ºC with gentle mixing. The sample was loaded onto the column and unbound proteins were washed out using the same buffer. The bound proteins were eluted with 150 mM GlcNac in 50 mM Tris-HCl, 1 M NaCl and 50 mM CaCl 2 . The presence of proteins in the bound fraction was assessed by SDS-PAGE on a 15% acrylamide:bisacrylamide gel using a Mini-PROTEAN electrophoresis system (Bio-Rad). Bands of SDS-PAGE gel were analyzed using a PMF system (Proteomic unit, Universidad Autónoma, Madrid).
The functional activity of the purified FREPs was assayed with phagocytosis experiments. One milliliter of hemolymph from each of 16 mussels was placed into individual wells of tissue-culture 24-well plates. The number of hemocytes in each sample was estimated by counting cells with the aid of a hemocytometer chamber.
Hemocytes were allowed to adhere for 30 min in the dark at 15 °C. Hemolymph supernatant was then removed and cells were washed with filtered sea water.
Fluorescein-labeled 1 μm latex beads were added at a 10:1 target:hemocyte ratio.
Purified FREPs were also added to the plates at a final concentration of 2.27 g/ml.
Hemocytes with latex beads not treated with FREPs and hemocytes without FREPs or latex beads were included as controls. After 2 h of incubation at 15 °C in the dark, beads not internalized were removed by gently washing wells twice with 500 μl of PBS. Cells were finally resuspended in 150 μl of PBS by carefully detaching them from the bottom of the well using a rubber cell scraper. Fifty microliters of 0.8% trypan blue in PBS were added to each sample to quench external fluorescence. Phagocytosis was evaluated in the four different hemocyte populations (with different morphology and functional activities) previously described in our laboratory (García-García et al., 2008 ). Ten thousand cells were then analyzed by flow cytometry. Cell fluorescence was analyzed in the FL-1 channel set to a log scale. FL-1 voltage was adjusted for positive cells (cells that internalized at least one particle) falling within the same fluorescence range.
Phagocytosis was expressed as the percentage of cells that internalized at least one fluorescent particle (positive cells).
Expression of FREPs under different stimuli
To analyze the effect of external stimuli on the expression of the FREPs in anguillarum) were grown in TSA supplemented with 1% NaCl at room temperature over several days. Bacterial DNA was then isolated using phenol-chloroform (Maniatis et al., 1982) , and the concentration of CpG was adjusted to 1 mg/ml. For live bacteria, M. lysodeikticus and V. anguillarum were used as Gram-positive and Gram-negative stimuli, respectively. M. lysodeikticus was grown in LB medium at 37 ºC, and V.
anguillarum was cultured as previously described. Bacteria were resuspended in sterilefiltered seawater to obtain an OD 620 of 0.033 (1.6x10
In vivo stimulation
Eight groups of 48 naive animals were injected on the posterior adductor muscle with 100 µl of PAMP solution (either poly I:C, zymosan, LPS, LTA or CpG) or live bacteria (V. anguillarum or M. lysodeikticus). The control group was injected with filtered seawater (FSW). All individuals were maintained out of the water for 20-30 min before and after the injection. Each treatment group was individually maintained in tanks with aeration until sampling. After 3, 6 and 24 h post inoculation, hemolymph was collected from the adductor muscle, pooled and adjusted to 2x10 5 cells/ml. Pooled hemolymph from 4 individuals was used per each sampling point and treatment.
In vitro stimulation
A total of 20 hemocyte primary cultures were obtained from naive mussels.
Hemolymph was collected from the adductor muscle of 5 individuals using the methodology previously described. For each experiment, pooled hemolymph (2-5 ml of hemolymph per individual) from 5 animals was used. Hemocytes were then incubated with the PAMPs solution (final concentration of 50 µg/ml) or live bacteria (OD 620 0.033). Samplings were performed after 1, 3 and 6 h post-inoculation. All the experiments were performed at 15 ºC and replicated at least twice.
Expression studies by Q-PCR
To determine and quantify the FREPs expression pattern, real time PCR was performed on hemocytes exposed to the different treatments using the cDNAs previously generated. The different treatments analyzed include bacterially infected samples, samples stimulated with each of the various PAMPs (described above) and untreated control samples. Amplification was carried out using the same protocol previously described. The expression of candidate genes was normalized to the 18S ribosomal RNA as a housekeeping gene (Mussel-18S-F: GTA CAA AGG GCA GGG ACG TA and Mussel-18S-R: CTC CTT CGT GCT AGG GAT TG).
Results
Phylogenetic analysis
The final alignment was 366 residues long and was reduced to 166 residues once ambiguous columns were removed. The selected model of amino acid replacement was WAG (Whelan and Goldman, 2001) , with a proportion of invariable sites and gamma distributed rate variation among sites (Yang, 1996) (i.e., WAG+I+G). The maximum likelihood estimate of the phylogeny (Figure 1 ) showed well-supported specific clades, although the relationships among these clades could not be resolved with confidence.
The deepest split in the tree defined two lineages, although with very low support. The first lineage included fibrinogens and fibrinogen-like proteins, whereas the second was comprised of ficolins and ficolin-like proteins, tenascins, angiopoietins and tachylectins.
Mussel FREPs (MuFREPs) clustered into 3 main groups with high confidence (99% of bootstrap values; Figure 1A ). MuFREPs included in groups 1 and 3 were most closely related to each other forming, together with the Argopecten FREP, a sister group to the vertebrate ficolins. On the other hand, mussels sequences included in group 2 seemed to conform to a different lineage separated from other invertebrate and mammalian ficolins.
The position of the MuFREPs in the phylogenetic tree seems related to their domain structure ( Figure 
Structural analysis
The consensus were found in all mussel FREPs.
Constitutive expression of MuFREPs
To analyze the relative expression of the three groups of mussel FREPs, a quantitative PCR was conducted in several tissues (hemocytes, muscle, mantle, gills, gonads, foot and gland). The most highly expressed sequences were those corresponding to FREPs from group 1, which was especially evident in hemocytes and to a lesser extent in gills and digestive gland. However, the expression of FREPs from groups 2 and 3 was almost undetectable (Figure 3 ). No differences were detected among male and female mussels (data not shown).
Because the FREP from group 1 was the highest expressed sequence, we focused in different aspects of this molecule, including genomic structure, expression in response to stimuli and individual variability.
Genomic organization
The sequence of the FREP gene from group 1 was 5339 nucleotides long. This 
Individual variability
An assessment of polymorphisms and individual variability in mussel FREP sequences from group 1 was performed on 66 different clones from three different mussels (27, 17 and 22 clones from mussels 1, 2 and 3, respectively). The alignments showed that each sequence was unique with at least four different nucleotides per sequence. Moreover, the three mussels did not present any nucleotide or amino acid sequence in common. In total, 33, 26 and 36 of 389 nucleotides were variable in mussels 1, 2 and 3, respectively, indicating a percentage of variability ranging from 6.6 to 9.2 ( Figure 5A ).
Fifty-nine percent of all analyzed sequences were unique (18, 15 and 9 nucleotide sequences and 16, 9 and 9 amino acid sequences from mussels 1, 2 and 3, respectively). Furthermore, one specific sequence from each mussel was highly repeated (sequence A: 11 times in mussel 1; sequence B: 5 times in mussel 2 and sequence C: 15 times in mussel 3) ( Figure 5B ).
Functional activity of purified FREPs
The elution of mussel serum into the GlcNAc-Sepharose 6B column allowed us to identify a predominant protein of 45 kDa ( Figure 6A ) and two unidentified and minority proteins of 35 and 20 kDa. The peptide mass fingerprinting of the 45 kDa protein identified three peptides: one peptide as ficolin-2 precursor (peptide 1070.49
ficolin-2 precursor) with an amino acid sequence (QDGSVDFFR), which was present in the three groups of FREPs (highlighted in Figure 2) ; the other peptides (1163.62 and 1741.82) had similarity with the sequences available in the database (fibronectin and HC immunoglobulin, respectively).
The biological activity of the partially purified FREPs was measured by phagocytosis assay. The incubation of hemocytes with the purified FREPs induced an increase in the phagocytosis of fluorescent beads. Only 2 out of 16 mussels analyzed did not respond to this stimulation ( Figure 6B ). The phagocytic rate recorded in the different populations of hemocytes was different among mussels. Half of the analyzed mussels increased their phagocytic rate by less than 20% and 37.5% of the remaining mussels increased their activity by more than 20%, reaching up to 60% in some cases ( Figure 6C ). Moreover, the hemocyte subpopulations presented different levels of phagocytosis. The phagocytic activity in R1 and R2 cells was incremented up to 70%
and 50%, respectively. R3 and R4 hemocytes presented less activity and the FREP treatment only incrementally enhanced the phagocytic activity up to 30% and 10%, respectively ( Figure 6D ).
Expression of FREPs under different stimuli
After in vitro incubation of hemocytes with several PAMPs, the maximum expression of FREPs was obtained after 3 h post treatment in all cases. However, the results obtained after 1 and 6 h post stimulation did not show significant differences.
LTA (50-fold induction) and LPS (34-fold induction) induced the highest FREP expression levels among the PAMPs administered ( Figure 7A ). Even though the expression levels obtained after poly I:C and zymosan stimulation were mild (4.9 and 7.7 fold increase, respectively), both PAMPs showed statistically significant increments when compared to controls from the same sampling point. The in vivo stimulation of mussels with the PAMPs showed that LTA was able to induce the maximum response after 3 h post stimulation (8.8 fold increase) ( Figure 7B ). Despite a reduction in expression values after 6 and 24 h post inoculation, significantly increased expression values were still observed at 24 h following LTA stimulation (3.9 fold induction). LPS also provoked a high FREP expression (8.1 fold increase) at 24 h post stimulation.
However, the remaining PAMPs did not induce significant expression differences when compared to control samples.
The Gram-positive bacteria M. lysodeikticus was able to induce a significant increase in expression after 3 h post in vitro treatment (7.6 fold induction). No significant differences were found for the other sampling points following either M.
lysodeikticus or V. anguillarum challenge ( Figure 7C ). In contrast, in vivo stimulation by Gram-negative or Gram-positive bacteria provoked a significant increase in the expression at 24 h post stimulation (1451.2 and 9286.4 fold increase, respectively). No significant differences were found in the remaining sampling points ( Figure 7D ).
Discussion
It is well known that ficolins and MBL are the molecules responsible for complement activation by the lectin pathway (Endo et al., 2007; Runza et al., 2008) .
Ficolins have been identified in several species of amphibians (Kakinuma et al., 2003) and mammals (Fujimori et al., 1998; Ichijo et al., 1993; Matsushita et al., 1996; Ohashi and Erickson, 1998; Omori-Satoh et al., 2000 (Gokudna et al., 1999; Kawabata and Tsuda, 2002; Mali et al., 2006; Ju et al., 2009 ), have been used in the past to understand the evolution of the ficolin genes (Endo et al., 2006) . We cannot determine with certainty if the mussel FREPs sequences that we report in this study, resemble primitive structures from which the different FREPs (angiopoietins, tachylectins, carcinolectins and ficolins) evolved.
The fibrinogen-like domains of mussel FREPs conserve the Ca +2 -binding sites and likely bind carbohydrates in a calcium-dependent manner, as it has been described before for human ficolins and other FREPs (Matsushita et al., 2001; Kawabata and Tsuda, 2002; Zhang et al., 2009; Garlatti et al., 2010) . The four conserved cysteines that are present in the C-terminal end could be involved in inter-chain disulfide bonds, as predicted according to the similar bonds found in human fibrinogen. The cDNA-derived amino acid sequence for mussel FREP does not suggest the presence of typical transmembrane domains. This characteristic seems to be shared with other proteins of similar structures, such as C1q, collectins or tachylectins, which are soluble proteins that can be secreted into the circulatory system.
The exon-intron organization of FREPs in mussel is quite similar to the structure already described for mammalian ficolins (Runza et al., 2008; Garred et al., 2010) . The fibrinogen-like domain is codified in both cases by 4 exons, from exons 5 to 8 in mammals and from exons 3 to 6 in mussel. The first and second exons encode the 5´UTR, the leader peptide and a short link region in both species.
Certain fibrinogen-like domains are involved in the recognition of microorganisms by lectins, including ficolin/P35 and the horseshoe crab lectins (Endo et al., 1996 (Endo et al., , 2005 . This suggests that the mussel fibrinogen-like domain might play an important role in the first line of immune defense. In this sense, the high variability observed within mussels could explain the role of these molecules as a starting point for the activation of the lectin complement pathway (Zhu et al., 2005) . Moreover, the high variability of MuFREPs, proposed here as an innate mechanism to fight pathogens (individual mussels do not share any identical sequence) has been described previously for other related invertebrate genes with allo-recognition. This is the case for FREPs of the freshwater snail Biomphalaria glabrata, which contain amino terminal immunoglobulin domains (Zhang et al., 2004) ; the highly polymorphic FuHc gene from Botryllus schlosseri; the self-sterility receptors of Halocynthia or the vCRL1 gene from
Ciona intestinalis (Khalturin and Bosch, 2007) . Also, we have already reported high individual variability, generated by a mechanism not yet determined, in the antimicrobial peptide myticin C (Costa et al., 2009; Pallavicini et al., 2008) and C1q-containing proteins (Gestal et al., 2010) .
We could detect a constitutive mRNA expression of mussel FREP in different tissues (hemocytes, muscle, mantle, gills, male and female gonads, foot and digestive gland). Human ficolin mRNA has been detected by northern-blot techniques in peripheral blood leukocytes (Lu et al., 1996) and, to a lesser extent, in other tissues such as spleen, lung, thymus, placenta and skeletal muscle (Ichijo et al., 1993; Liu et al., 2005) . This pattern of expression suggests that ficolins are mainly produced by peripheral blood leukocytes or tissue macrophages. The detection of mussel FREP mRNA in a wide range of tissues (especially in hemocytes) does not completely rule out the possibility that this cell type is the major producer of FREPs.
To analyze the functional activity of purified mussel FREPs, hemolymph samples were loaded onto a GlcNAc-Sepharose 6B column. This methodology has been also applied to the purification of ficolins in other species, such us Xenopus laevis and (González et al., 2007) 
and in
Mytilus galloprovincialis (Venier et al., 2003) , respectively. The existence of ESTs with homology to different PRRs in bivalves led us to consider that similar recognition mechanisms may occur in these organisms. Indeed, after both in vitro and in vivo stimulation with several PAMPs, the FREPs expression pattern on mussels seemed to be stimuli-dependent, suggesting that mussel hemocytes were able to discriminate between the different stimuli. LPS and LTA produced the highest FREP gene expression. Live bacteria challenges have also shown an increase in FREP expression. The highest level of FREP expression was found after challenge with the Gram-positive bacteria M.
lysodeikticus, suggesting that some component of the bacteria would be responsible for this increase over the control. In humans, ficolins can specifically recognize LTA and activate the lectin pathway (Lynch et al., 2004) . Thus, the contact of hemocytes with whole bacteria (dead or alive), or with a part of its structure (LPS or LTA), may be enough to up-regulate FREPs expression.
In conclusion, we have described several FREPs in mussels that could be related to mammalian ficolins because a) they cluster together with ficolins in a phylogenetic tree, b) their expression is increased after bacterial infection or PAMPs treatment and c) they have opsonic activities similar to mammalian ficolins. However, the lack of a collagen domain, the low confident phylogenetic position and the surprising lack of ficolins in some animal groups confound the identification of these simple molecules as Table 1 Figure 1 Click here to download high resolution image
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G1_consensus ---------MVQIKTRSICVFLVSLLVSETTQEPGICFYGEEAWTQA---38
Fico1_Sus-scrofa MELSRVAVALGPTGQLLLFLSFQTLAAQAADTCPEVKVVGLEGSDKL---47
Fico2_Sus-scrofa MDTRGVAAAMRP---LVLLVAFLCTAAPALDTCPEVKVVGLEGSDKL---44
Fico1_Homo-sapiens MELSGATMARGLAVLLVLFLHIKNLPAQAADTCPEVKVVGLEGSDKL---47
Fico2_Homo-sapiens MELDRAVGVLGAATLLLSFLGMA-WALQAADTCPEVKMVGLEGSDKL---46
FicoB_Rattus-norvegicus -------MVLGSAALFVLSLCVTELTLHAADTCPEVKVLDLEGSNKL---40
FicoA_Rattus-norvegicus -----MWWPMLWAFPVLLCLCSSQALGQESGACPDVKIVGLGAQDKV---42
Fico4_Xenopus-laevis ----------MTRWVQTFLLLVAVIRSYAEDSCPDVKVIGVGASDKL---37
Fico1_Xenopus-laevis ----------MTRWVQTFLLLVAVIRSYAEDSCPDVKVIGVGASDKL---37
Fico3_Xenopus-laevis ----------MTGWVQSFFLLVAAILSYAEDTCPEVKVIGLGASDKL---37
Fico1_Sus-scrofa -------SILRGCPGLPGAAGPKGEAGANGPKGERGSPGVVGKAGP----86
Fico2_Sus-scrofa -------SILRGCPGLPGAAGPKGEAGASGPKGGQGPPGAPGEPGP----83
Fico1_Homo-sapiens -------TILRGCPGLPGAPGPKGEAGVIGERGERGLPGAPGKAGP----86
Fico2_Homo-sapiens -------TILRGCPGLPGAPGPKGEAGTNGKRGERGPPGPPGKAGP----85
FicoB_Rattus-norvegicus -------TILQGCPGLPGALGPKGEAGAKGDRGESGLPGHPGKAGP----79
FicoA_Rattus-norvegicus -------AVIQSCPSFPGPPGPKGEPGSPAGRGERGLQGSPGKMGP----81
Fico2_Xenopus-laevis -------TILRGCPGIPGVPGPQGPAGPAGVKGEKGFQGITGKMGP----76
Fico4_Xenopus-laevis -------TILRGCPGIPGVPGPQGPSGPAGAKGEKGFPGIPGKMGP----76
Fico1_Xenopus-laevis -------TILRGCPGIQGVPGPQGPAGPVGAKGFAGARGIPGDIGP----76
Fico3_Halocynthia-roretzi GNGSQNNEVPDGCRGIAGPQGPPGEVNYTLVEEKMKKINRAFEQRLEMEI 94
Fico4_Halocynthia-roretzi QNAETQQQIVEGKRGKAGPQGPPGKVNYTLVDENIKERYRAFEQR-----84
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G1_consensus
FicoB_Rattus-norvegicus ------TGPKGDRGEKGVRGEKGDTGP-------------SQSCATGPRT 110
FicoA_Rattus-norvegicus ------AGSKGEPGTMGPPGVKGEKGERGTASPLGQKELGDALCRRGPRS 125
Fico3_Halocynthia-roretzi EKKFKIFSIKSERQIEMHSTEIKLLENKITELESRWHKRINS--TGCEKV 142
G1_consensus CNDIPDK--CKSGVYKVFPK-QTQGFDVYCKMNLD--EGHWTVFQKRENG 100
G2_consensus
CAELAITSCGVYKIYPFAKL-QP-GVSVYCKIDTS--GHIWTVIQQRFDG 70
G3_consensus CGDIDIK--RGSGVYMIYPTGSFDGFNVYCNMKVDNVGGGWTVFQRRLNG 87
Fico1_Sus-scrofa CKELLTRGHFLSGWHTIYLP-DCQPLTVLCDMDTD--GGGWTVFQRRSDG 164
Fico2_Sus-scrofa CKELLTRGHILSGWHTIYLP-DCQPLTVLCDMDTD--GGGWTVFQRRSDG 161
Fico1_Homo-sapiens CKDLLDRGYFLSGWHTIYLP-DCRPLTVLCDMDTD--GGGWTVFQRRMDG 164
Fico2_Homo-sapiens CKDLLDRGHFLSGWHTIYLP-DCRPLTVLCDMDTD--GGGWTVFQRRVDG 151
FicoB_Rattus-norvegicus CKELLTRGYFLTGWYTIYLP-DCRPLTVLCDMDTD--GGGWTVFQRRIDG 157
FicoA_Rattus-norvegicus CKDLLTRGIFLTGWYTIYLP-DCRPLTVLCDMDVD--GGGWTVFQRRVDG 172
Fico2_Xenopus-laevis CKEWLDQGASISGWYTIYTP-NGLPLSVLCDMETD--GGGWIVFQRRMDG 155
Fico4_Xenopus-laevis CKEWLDQGASISGWYTIYTT-NGLSLTVLCDMETD--GGGWIVFQRRMDG 155
Fico1_Xenopus-laevis CKEWLDQGVTISGWYTIYTP-NGLTLSVLCDMETD--GGGWIVFQRRADG 155
Fico3_Xenopus-laevis CKDWLDQGASITGWYTIYTS-TGRRLRVLCDMETD--GGGWTVFQRRSDG 122
Fico3_Homo-sapiens CRELLSQGATLSGWYHLCLP-EGRALPVFCDMDTE--GGGWLVFQRRQDG 139 
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